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Amendments to the Claims 

1 . (currently amended) An apparatus for measuring an optical characteristic of a target 
object, comprising: 

a light source configured to produce a light flux; 

a light-flux optical system situated relative to the light source and the target object and 
configured to (i) produce from the light flux a measurement-light flux and a reference-light flux, 
(ii) direct the measurement-light flux to the target object so as to cause the measurement-light 
flux to interact with the target object and thus acquire a wavefront profile corresponding to the 
optical characteristic of the target object, (iii) provide the reference-light flux with a standard 
wavefront produced by interaction of the light flux with a reference surface , and (iv) establish an 
interference between the reference-Ught flux and the measurement-light flux from the target 
object, the interferenc e having a respective phase distribution : 

a phase-state ehmgift gsteppine device situated and configured to move, in stepwise 
increments, at least one of the target o bject and the reference surface relative to respective initial 
positions of the target object and refere nce surface so as to changR. relative to a otandard an initial 
phase relation obtained at the respecti ve initial p ositions, a phase stat erelation of noisejight 
relative to at least one of the reference-light flux and the measurement-light flux from the target 
object, the stepwise increments and i nitial positions representing multiple respective p hase-gtat^ 
chanfio boin g positions in a range of 0 to 2jc; 

a phase-modulation device si tuated and configured to produce a p h ase modulation of at 
least one o f the reference hght flux and the measurement-light flux; 

a detector situated and configured to detect interference fiinges produced by the 
interference at any of tho variouo phaso statcG the phase-state positions in the rang e: and 

a computer connected to the detecto rand to tho phaoo otato changing dovioo , the computer 
being configured to produce, from the detected interference fiinges produced at differcntthe 
respective phase atatosphase-state positions , data concerning the.respective phase distributions, 
and to calculate an average phase distributio n from the respective phase distributions . 
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2. (currently amended) The apparatus of claim 1, wherein the phase-state 
ehaa^agstepEing device is configured to change the phao o s tato p hase-state position of the 
reference light flux surface . 

3. (currently amended) The apparatus of claim 1, wherein the phase-state 
ebangie gstepping device is configured to change the phaoo stat o phase-state position of the 
meaour o ment light flux target obiect . 

4. (currently amended) The apparatus of claim 1, wherein the phase-state 
ehaagifl gstepping device is configured to change the phao o stato respective phase-state positions 
of both the roforonco light flux r eference surface and the m e aouromont light flux, fi-om tho targot 
e^Mrtarget object a same amount relative to the staHdaf drespective initial p ositions while 
maintaining a constant phase difference between the reference-light flux and the measurement- 
light flux fi-om the target object. 

5. (currently amended) The apparatus of claim 1, fiirthor compri o ing; a wherein the 
phase-modulation device is.situated and configured to produce a phase modulation of the 
measurement-light flux fi-om the target obiect at each of the nhase-state positions in the range . 

6. (currently amended) The apparatus of claim 1, further comprising a wherein the 
phase-modulation devicejs situated and configured to produce a phase modulation of the 
reference-Ught flux at each of the phase-state positions in the rang e. 

7. (previously presented) The apparatus of claim 1, wherein: 

the measurement-light flux from the target object has a frequency that is slightly different 
than a frequency of the reference-light flux; and 
the interference is heterodyne interference. 

8. (currently amended) The apparatus of claim 1, wherein the phase-state 
ehaagia gstepping device is configured to change the phas e otat o phase-state position in respective 
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regular stepped increments, relative to the staadaf drespective initial p osition, so as to provide 
phase-state positions of 0, 7t/2, n, and 3n/2 in the ranee . 

9. (currently amended) The apparatus of claim 1, wherein the phase-state 
ehangingsteEEing device is configured to change the pbase^tat ephase-state position in respective 
regular stepped increments, relative to the standar drespective initial p osition so as to provide 
phase-state positions of 0, n/4, n/2, 3;c/4, %, 5n/4, 3n/2, and 7n/4 in the ranee . 

10. (currently amended) The apparatus of claim 1, wherein the phase-state 
ehafigin gstepping device is configured to change the phase-stat ephase-state position in respective 
irregular stepeed increments, relative to the standafd respective initial p osition so as to achieve 
phase-state positions of from 0 to 2n and more than 2n as a whole. 

11-20. (canceled) 



21. (currently amended) A method for measuring an optical characteristic of a target 
object, comprising the steps: 

(a) directing a measurement-light flux to the target object so as to cause the 
measurement-light flux to interact with the target and thus acquire a wavefront profile 
corresponding to the optical characteristic of the target object; 

(b) providing a reference-light flux having a stafidardreference wavefront produced by 
refl e ction from a otandard a reference surface; 

at initial respective positions of the refe rence surface and tareet ohiect collectively 
representing an initial phase state, establishing a mutual interference between the reference-light 
flux and the measurement-light flux from the target object; 

detecting a reopoctivo phaoo difforcnco intorforcnco pattern produc e d by the 
int e rf o roncoproducing a phase-distribut i on interference pattern associated with the tareet object 
based on phase-shift interference of the ref e rence-light flux and the measurement-light flnx from 
the target obiect : 

(e) moving at least one of the st^tdar dreference surface and optionally the target object a 
respective specified distance from athe respective standeF dinitial position and then repeating 
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Steps (a)-(d), the respective specified distance being appropriate to change a phase state of the at 
least one of the Hght fluxes a specified amount in a stepwise manner in a range of 0 to lit relative 
to the initial phase state, the steps and initial positions representing respective phase states : 

(f) repeating step (e) to obtain respective phooo difforonoo phase-distribution interference 
pattems atjhe muhiple phase states and at the initial p nsifinns; and 

(g) determining an average phaoo difforonco phase distribution of the target object fi-om 
the respective phas e diff o ronccphase-distribution interference pattems obtained at the multiple 
phase states. 



22. (currently amended) The method of claim 21, wherein step (e) comprises moving 
the standar dr eference surface. 

23. (previously presented) The method of claim 21, wherein step (e) comprises moving 
the target object. 



24. (currently amended) The method of claim 21, wherein step (e) comprises moving 
both the target object and the standar dreference surface while maintaining a constant phase 
difference between the reference-light flux and the measurement-light flux. 

25. (currently amended) The method of claim 21, wherein: 
step (e) comprises moving the staadaf dreference surface; and 

the phase-s hift interference performed in step (d) is performed b)^ phaoo shift intorfcronco 
im^olving pha s e modulation o f comprises phase-modulating the measurement-light flux. 

26. (currently amended) The method of claim 21, wherein; 
step (e) comprises moving the target object; and 

the phase-shift interference performed in step (d) is porfonnod b>' phaoo ohift intorforonco 
mv^ohing phaoo modulation o f comprises phase-modulating the reference-light flux. 

27. (original) The method of claim 21, fiirther comprising the step of providing the 
measurement-light flux with a fi-equency that is slightly different than a frequency of the 
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reference-light flux so as to establish, in step (c), a heterodyne interference between the 
reference-light flux and the measurement-light flux. 

28. (currently amended) The method of claim 21, wherein, in step (e), the at least one of 
the target object and the standffl=dreference surface is moved relative to the respective initial 
positions so as to change thoobtain phase stat estates in a roopocti^'o incromcn tr espective reg ular 
increments, relative to the staftdaf dinitial phase state , of 0, 7i/2, n, and 3;i/2. 

29. (currently amended) The method of claim 21, wherein, in step (e), the at least one of 
the target object and the stafid«= dreference surface is moved relative to the respective initial 
positions so as to change thoobtain phase stat estates in a roopoctivo inoromon t respective regular 
increments , relative to the staadaf dinitial phase state , of 0, n/4, n/2, 3n/4, n, 5n/4, 3n/2, and 7n/4. 

30. (currently amended) The method of claim 21, wherein, in step (e), the at least one of 
the target object and the standaF dreference surface is moved relative to the respective initial 
positions so as to change thoobtain phase otato b>^ ono or morc states in respective irregular 
increments, relative to the standaf dinitial phase state , of from 0 to In and more than 2n as a 
whole. 

3 1 . (previously presented) The method of claim 2 1 , wherein the target object is an 
optical element. 

32. (currently amended) An optical olomont, having on optical charactoriotic moaaurcd 
using thoHie method of claim 21 , wherein the optical characteristic is a wavefront aherratinn 

33. (canceled) 

34. (previously presented) The method of claim 72, wherein the step of reflecting the 
measurement-light flux comprises providing a mirror downstream of the target object so as to 
reflect the measurement-light flux. 
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35. (currently amended) The method of claim 72, wherein step (e) comprises moving 
both the target object with reflection member and the stagdaf ^eference surface while 
maintaining a constant phase difference between the reference-light flux and the measurement- 
light flux. 

36. (currently amended) The method of claim 72, wherei mwherein step (d) further 
comprises modulating the measurement-light flux ; and in stop (c) tho dotoctod intorforonoo is a 
pha oe s hift int o rf o r o nco . 

37. (currently amended) The method of claim 72, wherein twherein step (d) further 
comprises modulating the reference-light flux ; ond in otop (c) the dotoctod intorforonco io a 
phas e shift intorforonco . 

38-45. (canceled) 

46. (currently amended) An apparatus for measuring an optical characteristic of a target 
object, comprising: 

a light source configured to produce a light flux; 
a light detector; 

an optical system situated relative to the light source and the target object and configured 
to (i) produce fi-om the light flux a measurement-light flux and a reference-light flux, (ii) direct 
the measurement-light flux to the target object so as to cause the measurement-light flux to 
interact with the target object and thus acquire a wavefi-ont profile corresponding to the optical 
characteristic of the target object, (iii) direetmteract the reference-light flux to refloot fromwith a 
staadardreference surface so as to provide the reference-light flux with a staftdai= dreference 
wavefi-ont, (iv) estabUsh an interference between the reference-light flux from the 
sta^dafdreference surface and the measurement-Ught flux from the target object, and (v) direct 
the interfering reference- light flux and measurement-light flux to the detector; 

ffiafirst actuator situated and configured to move the sta^daf dreference surface and 
optionally also the target object a respective specified distance r e lativ o to in a stepwise manner 
from a respective staadaf dinitial phase-state location , the respective specified distance being 
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appropriate to change a phase state of t h e at least one of the light fluxes a specified amount in a 
stepwise manner in a ran ge of 0 to 2n relative to the initial phase-state location: 

a second actuator situated an d configured to produce a phase modulation between the 
reference -light flux and the measurement-lig ht flux: 

a phase-detection device connected to the detector and configured to detect respective 
phase differences in the detected light , at tho \^ariouD locationo rooulting fi-om movom o nt, 
achi e \^od by tho actuator, of the otandard ourfaoo and optionally the target object over tho 
reopcctiv o specified distanco at each of t he specified distances based on the phase-modulation : 
and 

a computer configured to determine respective phase distributions from the respective 
phase differences at each of the specified distances and to calculate, from the respective phase 
distributions, an average phase distribution, the average phase distribution corresponding to a 
measurement of the optical characteristic. 

47. (previously presented) The apparatus of claim 74, wherein the optical characteristic 
is a surface profile of the target object. 

48. (currently amended) The apparatus of claim 74, wherein the actuator is configured 
to move the target object relative to the respective standaF dinitial phase-state location. 

49. (currently amended) The apparatus of claim 74, wherein the actuator is configured 
to move the standardreference surface relative to the respective staadar dinitial phase-state 
location. 



50. (currently amended) The apparatus of claim 74, wherein the actuator is configured 
to move both the standar dreference surface and the target object relative to the respective 
stwtdMdinitial phase-state locations while maintaining a constant phase difference in the 
interfering reference-light flux and measurement-light flux. 



51. (canceled) 
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52. (previously presented) The apparatus of claim 75, wherein the optical characteristic 
is a wavefront aberration of the target object. 

53. (currently amended) The apparatus of claim ^76, wherein the first actuator is 
configured to move the target object, the reflection member, and the standaf dreference surface 
while maintaining a constant distance between the target object, the reflection member, and the 
standard reference surface. 

54. (currently amended) The apparatus of claim ;z#76, wherein the firsLactuator is 
configured to move both the target object and the reflection member while maintaining a 
constant distance between the target object and the reflection member. 

55. (canceled) 

56. (original) The apparatus of claim 46, wherein the target object is a lens element. 
57-59. (canceled) 

60. (previously presented) The apparatus of claim 75, wherein the target object is a lens 
element. 

61-63. (canceled) 

64. (previously presented) The apparatus of claim 1, wherein: 

the optical characteristic pertains to a surface profile of a reflective target surface of the 
target object; and 

the light-flux optical system is configured to direct the measurement-light flux to the 
target surface so as to reflect fi-om the target surface, and to establish an interference between the 
reference-light flux and the measurement-light flux reflected fi-om the target surface. 

65. (previously presented) The apparatus of claim 1, wherein: 
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the optical characteristic pertains to a wavefront aberration profile of the target object; 

and 

the light-flux optical system is configured to direct the measurement-light flux to the 
target object so as to be transmitted through the target object, and so as to establish an 
interference between the reference-light flux and the measurement-light flux transmitted through 
the target object. 

66. (previously presented) The method of claim 31, wherein the optical element is a lens 
element. 

67. (currently amended) The method of claim 5231, wherein the optical 
charactcristic e lement is a wav e front aborrationm irror. 



68. (currently amended) The method of claim 3221, wherein the optical olomont 
compriso G a target objec L s urfaco having a ourfaco profilo moaouring uaing tho method of claim 
aiis an optical syste m comprising multiple optical elements . 

69. (previously presented) The method of claim 21, wherein: 

the optical property pertains to a surface profile of a reflective target surface of the target 
object; and 

step (a) comprises directing the measurement-light flux to the target surface so as to be 
reflected from the target surface. 

70. (previously presented) The method of claim 21, wherein: 

the optical characteristic pertains to a wavefront-aberration profile of the target object; 

and 

step (a) comprises directing the measurement-hght flux to the target object so as to be 
transmitted through the target object. 
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71. (previously presented) The method of claim 70, wherein, in step (a) the 
measurement-light flux is directed to the target object so as to be transmitted in a first direction 
through the target object to a reflection member. 

72. (previously presented) The method of claim 71, further comprising reflecting the 
measurement-light flux, that has been transmitted in the first direction through the target object, 
so as to cause the measurement-light flux to return through the target object in a second 
direction. 

73. (currently amended) The method of claim 72, wherein step (e) comprises moving 
the standafdreference surface and optionally the reflection member a respective specified 
distance fi-om a respective staida= dinitial phase-state position. 

74. (previously presented) The apparatus of claim 46, wherein the optical system directs 
the measurement-light flux to the target object so as to cause the measurement-light flux to 
reflect from a target surface of the target object. 

75. (previously presented) The apparatus of claim 46, wherein the optical system directs 
the measurement-light flux to the target object so as to cause the measurement-light flux to pass 
through the target object. 

76. (previously presented) The apparatus of claim 75, fimher comprising a reflection 
member situated relative to the target object such that measurement light transmitted in a first 
direction through the target object reflects fi-om the reflection member and returns via a second 
direction, opposite the first direction, through the target object to interfere with the reference- 
light flux. 

77. (currently amended) The apparatus of claim 75, wherein the firsLactuator is situated 
and configured to move the steftdard reference surface and optionally at least one of the reflection 
member and target object a respective specified distance relative to a respective standar dinitial 
phase-state location. 
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78. (new) The apparatus of claim 1, wherein the light-flux optical system provides the 
reference-light flux with a reference wavefront by directing the reference-light flux to a Fizeau 
surface from which the reference-light flux acquires the reference wavefront. 

79. (new) The apparatus of claim 1, wherein the phase-modulation device produces the 
phase-modulation by moving at least one of the target object and the reference surface. 

80. (new) The apparatus of claim 1, wherein the phase-state stepping device and the 
phase-modulation device are the same device. 

81. (new) The apparatus of claim 1, wherein the phase-state stepping device and the 
phase-modulation device are separate devices. 

82. (new) The apparatus of claim 1, wherein the stepwise increments are regular. 

83. (new) The apparatus of claim 1, wherein the stepwise increments are irregular. 

84. (new) The apparatus of claim 1, wherein the target object is a lens. 

85. (new) The apparatus of claim 1, wherein the target object is a mirror. 

86. (new) The apparatus of claim 1, wherein the target object is an optical system 
comprising multiple optical elements. 
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